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57 ABSTRACT 

A Silicon dioxide passivation film highly resistant to humid 
ity is formed to prevent the deterioration of the magnetic 
effects, to increase the resistance variation rate and to reduce 
the internal Stresses of the ferromagnetic metal film of the 
MR element. After forming the ferromagnetic metal film, the 
silicon dioxide film is formed by a TEOS-O-based atmo 
spheric pressure CVD method in a state where the substrate 
temperature is kept at or below 350° C. The silicon dioxide 
film is not doped with phosphorus and sits thickneSS is kept 
within 1 um. On the other hand, apart from the above 
described Structure, the Silicon dioxide film may as well 
consist of two layers, one doped with and the other not 
doped with phosphorus. Another method used to form the 
Silicon dioxide film is an HMDS-O-based atmospheric 
pressure CVD method. As film formation is thereby possible 
at a substrate temperature of not more than 300° C., the 
magnetic effects of the ferromagnetic metal film are pre 
vented from deterioration. 

8 Claims, 5 Drawing Sheets 
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MAGNETO-RESISTANCE ELEMENT 

This is a Continuation of application Ser. No. 08/355,672 
filed on Dec. 14, 1994 now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to a magneto-resistance 
element (MR element) utilizing magneto-resistance effect, 
and more particularly to the Structure of a passivation film 
for protecting the MR element, together with a manufactur 
ing method thereof. 
MR elements are magnetic transducers utilizing the phe 

nomenon that the electric resistance of a ferromagnetic 
magneto-resistance film varies with the relative intensity and 
direction of the magnetic field and, by virtue of their small 
Size and high Sensitivity, are extensively used as magnetic 
Sensors and magnetic heads for playback use. 

Silicon dioxide passivation films formed by any conven 
tional method involves the following problems. First, after a 
ferromagnetic metal film and a Silicon dioxide film are 
formed into the Substrate film, much of its magnetic effect is 
lost, and the essentially expected characteristics of the MR 
element, especially its resistance variation rate, deteriorate 
during the manufacturing process. 

Second, the product is Susceptible to many defects due to 
pinholes and cracks in the passivation film, difficult to 
effectively protect from humidity, and unstable in electrical 
characteristics. As a result, the manufacturing yield is very 
low. 

Third, the ferromagnetic metal film consisting of NiFe, 
Au and Cr gives rise to a level gap from the Substrate 
Surface. For this reason, in order to coat the gap part as well 
with the passivation film, a thickness of about 2 um is 
required for the passivation film. As a consequence, in the 
case of a conventional MR element shown in FIG. 1 for 
example, if the Substrate 21 is coated with a passivation film 
25 of 4 tim, the parts near the Sides of the ferromagnetic 
metal film 22 will be coated in a thickness of only about 0.5 
tim at most, resulting in a lack of uniformity. Moreover, a 
relatively thick and non-uniform film is susceptible to 
Stresses, which might invite changes in the characteristics of 
the MR element. 

An MR element embodying an attempt to solve the 
Second and third among the above-mentioned problems is 
described in the Gazette of the Japanese Patent Laid-open 
No. 310186 of 1988. The idea is to reduce the film thickness 
and ease the Stresses within the film by uniformly forming 
the Silicon dioxide film by the use of plasma chemical vapor 
deposition (CVD). Regarding the first problem, however, 
even the cause is not identified, and the formation of the 
silicon dioxide film by plasma CVD is unable to solve the 
first problem. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an MR 
element having a passivation film which can effectively 
protect the metal film without reducing the magnetic effects 
or Subjecting the metal film part to any external loads Such 
as Stresses, and a manufacturing method for Such MR 
elements. 
An MR element according to the invention comprises a 

magnetic film having magneto-resistance effect which is 
formed over the Substrate. The Surface of the Substrate is 
coated with a silicon dioxide film. The silicon dioxide film 
is formed by a TEOS-O-based atmospheric pressure CVD 
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2 
method in a State where the Substrate temperature is kept at 
or below 350° C. 

The present invention, providing the above-described 
configuration, may include the Silicon dioxide film which is 
not doped with phosphorus and whose thickneSS is not more 
than 1 um. 
The invention may also comprise the Silicon dioxide film 

having two layers, one doped and the other not doped with 
phosphorus, and the total thickness of the double-layered 
Silicon dioxide film is not more than 2 lim. 
The invention may as well be characterized by another 

method to form the Silicon dioxide film, i.e. one using a 
hexamethyldisiloxane-O-based (HMDS-O-based) atmo 
spheric pressure CVD method, more particularly film for 
mation in a State where the Substrate temperature is kept at 
or below 300° C. 

Of the problems involved in the prior art, the first 
mentioned one, concerns the Substrate temperature at which 
the Silicon dioxide passivation film is formed. Thus, a higher 
Substrate temperature would result in improved adhesion of 
the film to the Substrate, but the magnetic effects, especially 
the resistance variation rate, of the ferromagnetic metal film 
would heavily deteriorate. The conventional film formation 
method has to Set the Substrate temperature at no less than 
400 C., but the magnetic effects of ferromagnetic metal 
films rapidly drop at high temperature, especially from the 
range of 300 to 350° C. on. Therefore, in order to keep the 
performance characteristics Satisfactory, it is indispensable 
to form the silicon dioxide film generally at or below 350 
C. 

The MR element according to the invention, because its 
silicon dioxide passivation film is formed by a TEOS-O- 
based atmospheric pressure CVD method with the substrate 
temperature being kept at no more than 350° C., is immune 
from the deterioration of magnetic effects. Since, moreover, 
the silicon dioxide film is uniformly formed, the film thick 
neSS can be reduced to 2 um or leSS in a humidity-resistant 
State free from pinholes and dust adhesion, and accordingly 
no StreSS occurs within the film. 

By another method, an HMDS-O-based atmospheric 
pressure CVD method, film formation is possible at 300° C. 
or below, and even Superior performance characteristics can 
be thereby ensured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other objects, features and 
advantages of the present invention will become more 
apparent from the following detailed description when taken 
in conjunction with the accompanying drawings, wherein: 

FIG. 1 shows a vertical cross section of an MR element 
according to the prior art, 
FIG.2 shows a cross section of an MR element (not doped 

with phosphorus), which is a preferred embodiment of the 
invention; 

FIG. 3 shows a cross section of an MR element (doped 
with phosphorus), which is another preferred embodiment of 
the invention; 

FIG. 4 is a diagram showing the presence or absence of 
cracks in the Silicon dioxide passivation film formed by a 
TEOS-O-based atmospheric pressure CVD method, 
depending on the concentration of doping phosphorus and 
the film thickness both of which were varied; 

FIG. 5 shows a cross section of an MR element (not doped 
with phosphorus), which is still another preferred embodi 
ment of the invention; 
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FIG. 6 is a cross section of an MR element (doped with 
phosphorus), which is yet another preferred embodiment of 
the invention; 

FIG. 7 is a diagram showing the presence or absence of 
cracks in the Silicon dioxide passivation film formed by a 
HMDS-O-based atmospheric pressure CVD method, 
depending on the concentration of doping phosphorus and 
the film thickness both of which were varied; 

FIG. 8 is a diagram showing the relationship between the 
substrate temperature at the time of the formation of the 
passivation film and the resistance variation rate of the 
ferromagnetic metal film after the formation of the passiva 
tion film; and 

FIG. 9 is a diagram showing the relationship between the 
substrate temperature at the time of the formation of the 
silicon dioxide film by each of the TEOS-O-based atmo 
spheric pressure CVD methods or the HMDS-O-based 
atmospheric pressure CVD methods and the resistance 
variation rate of the ferromagnetic metal film. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

With a view to facilitating the understanding of the 
present invention, an MR element according to the prior art 
will be described first. The prior art MR element, as illus 
trated in FIG. 1, has a structure in which a ferromagnetic 
film 22 consisting of three layers of permalloy (NiFe), gold 
(Au) and chromium (Cr) is formed over a substrate 21 whose 
surface is coated with silicon dioxide (SiO2) or SiON. Over 
the Surface of the Substrate 21 is further formed a silicon 
dioxide passivation film 25 to protect Said ferromagnetic 
metal film 22 from humidity and the like. 
The manufacturing method for the MR element having 

the above-described structure will be described further. As 
the material of the Substrate 21, Silicon is usually chosen, but 
glass or Something else may be used as well. Over the 
Surface of this Silicon Substrate 21 is formed in advance an 
SiO film by thermal oxidation or otherwise. Then films of 
NiFe, Au and Cr are successively formed in the same 
Vacuum by Sputtering or vapor deposition using an electron 
gun (E-gun) or the like. After than, a desired pattern of MR 
element is formed in said three layers of metal films by 
photolithography and etching. Further to protect the pattern 
in the metal films, the silicon dioxide passivation film 25 is 
formed over the surface of the substrate 21 by sputtering. 
After the whose Surface of the Substrate 21 is coated with the 
silicon dioxide passivation film 25 all over, the electrode 
terminal parts for bonding are removed by etching. Finally, 
the substrate 21 is cut into individual chips, each of which 
is accommodated into a package, and the manufacturing 
proceSS is completed by bonding the electrode terminals 
(e.g. the Gazette of the Japanese Patent Laid-open No. 
200683 of 1989). 

Usually the metal film part (not shown) of an MR element 
is 0.5 to 1 um thick overall in order to ensure its magnetic 
effects. Therefore, for complete coating of the metal films, 
the silicon dioxide passivation film 25 has to be about 4 tim 
thick. 

Next will be described in detail a preferred embodiment 
of the present invention with reference to drawings. 

FIG. 2 shows a cross section of an MR element, which is 
the preferred embodiment of the invention. Over the surface 
of a silicon Substrate 1 is formed in advance an SiO film by 
thermal oxidation. Description of the formation of a ferro 
magnetic metal film is dispensed with here because it is 
accomplished by the same method as the prior art. 
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4 
After the formation of the ferromagnetic metal film, a 

silicon dioxide (SiO) passivation film 3 is formed by a 
TEOS-O-based atmospheric pressure CVD method. In this 
embodiment, the SiO passivation film 3 is not doped with 
phosphorus. For the MR element according to the invention, 
the formation of said SiO passivation film 3 is accom 
plished under the following conditions. 

Substrate temperature: 275° C. 
Reaction gas flow rate: Si- 0.35 SLM 

O, - 7.5 SLM 
N - 18 SLM 

Here SLM represents the gas flow rate per cm. For the 
TEOS-O-based atmospheric pressure CVD method to be 
used for the formation of the silicon dioxide film, reference 
may be made to, for instance, Kobayashi et al., "A Tech 
nique for Flattening of Inter-layer Insulating Films', 
Applied Physics (in Japanese), Vol. 61, No. 11 (1992). 

In the cross section of the MR element manufactured by 
the method according to the invention, as illustrated in FIG. 
2, there is little difference between the thickness of the 
passivation film over the top face and that over the Sides of 
the ferromagnetic metal film even if there is a gap of level 
between the part where the pattern of the ferromagnetic 
metal film is formed and those where the pattern is not 
formed, and the passivation film adheres uniformly. 

Next will be described another embodiment of the present 
invention, which is an MR element having a passivation film 
containing a phosphorus-doped silicon dioxide film. The 
silicon dioxide film is formed by the same TEOS-O-based 
atmospheric pressure CVD method as for the above 
described first embodiment. In this second embodiment, as 
illustrated in FIG. 3, first a phosphorus-doped SiO, passi 
vation film 4 is formed, over which another SiO, passivation 
film 3, not doped with phosphorus, is further formed. The 
conditions of formation for the SiO, passivation film 3 are 
the same as stated above, and the film 4 is formed while 
doping phosphorus gas is being Supplied at a flow rate of 0.4 
SLM. 

In the first embodiment where no doping with phosphorus 
is used, no crack will occur if the film thickness is no more 
than about 1 um. Where doping with phosphorus is used, the 
film thickness can be increased to about 2 um without the 
risk of inviting cracks if the phosphorus concentration is 
Sufficiently high. Therefore, in order to increase resistance to 
humidity, the film can be thickened to about 2 um while 
keeping the phosphorus concentration Sufficiently high. 

Next will be described a case in which another method 
according to the invention is applied to the formation of the 
silicon dioxide film. FIG. 5 shows a cross section of an MR 
element, which is another preferred embodiment of the 
invention. An SiO film is formed in advance over the 
surface of a silicon Substrate 11 by thermal oxidation. A 
ferromagnetic metal film 12 is further formed over the SiO, 
film, but the description of its structure and formation 
method is dispensed with here because they are the same as 
according to the prior art. 

In this embodiment, a silicon dioxide passivation film 13 
is formed under the following conditions by the HMDS-O- 
based atmospheric pressure CVD method after the formation 
of the ferromagnetic metal film. 
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Substrate temperature: 260° C. 
Reaction gas flow rate: Si- 1.2 SLM 

O - 7.5 SLM 
N - 18 SLM 

Here SLM represents the gas flow rate per cm. 
Incidentally, the silicon dioxide passivation film 13 is not 
doped with phosphorus. 

For the HMDS-O-based atmospheric pressure CVD 
method mentioned above, reference may be made to, for 
instance, K. Fujino et al., “Low Temperature, Atmospheric 
Pressure CVD Using Hexamethyldisiloxane and OZone”, J. 
Electrochem. 139.2282 (1992). 
Again in the croSS Section of this embodiment, as illus 

trated in FIG. 5, there is no difference between the thickness 
of the passivation film over the top face and that over the 
Sides of the ferromagnetic metal film even if there is a gap 
of level between the part where the pattern of the ferromag 
netic metal film is formed and those where the pattern is not 
formed, and the passivation film adheres uniformly. 

Next will be described a case in which a phosphorus 
doped Silicon dioxide film is added in the formation proceSS 
of a silicon dioxide film by the HMDS-O-based atmo 
Spheric pressure CVD method according to the present 
invention. The silicon dioxide film is formed by the same 
HMDS-O-based atmospheric pressure CVD method as for 
the above-described embodiment. In this embodiment, as 
illustrated in FIG. 6, first a phosphorus-doped SiO film 14 
is formed, over which another SiO film 13, not doped with 
phosphorus, is further formed. The conditions of formation 
for different layers are the same as those for the foregoing 
embodiment for films not doped with phosphorus, and films 
to be doped with phosphorus are formed while doping 
phosphorus gas is being Supplied at a flow rate of 0.4 SLM. 

Next will be explained the relevance of film thickness in 
the MR element according to the present invention to the 
occurrence of cracks within the film. FIG. 7 is a diagram 
showing the presence or absence of cracks in the Silicon 
dioxide passivation film formed by a HMDS-O-based 
atmospheric pressure CVD method among the different 
manufacturing methods according to the invention, and 
indicating the relevance of the conditions of doping with 
phosphorus to the cracks. AS is evident from the diagram, 
while no crack occurs in the first embodiment without 
doping with phosphorus if the film thickneSS is no more than 
1.5 tim, the occurrence of cracks is prevented in the 
phosphorus-doped film by increasing the phosphorus con 
centration if the film thickness is kept at about 2 um or less. 
Therefore, Since a thicker film is more advantageous for 
resistance to humidity, it is more advisable to use doping 
with phosphorus. 
Now will be explained the relevance of the substrate 

temperature at the time of the formation of the Silicon 
dioxide films 13 and 14 by the manufacturing methods 
according to the invention. FIG. 8 is a diagram showing the 
relationship between the Substrate temperature at the time of 
the formation of the aforementioned silicon dioxide film and 
the resistance variation rate after the film formation. AS is 
evident from FIG. 8, the magnetic effects of the ferromag 
netic metal film Steeply drop, and the resistance variation 
rate decreases, if the Substrate temperature is higher than the 
range of 300 to 350° C. 

It is therefore Seen that, in order to maintain high mag 
netic effects after the formation of the ferromagnetic metal 
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6 
film, it is indispensable not to let the Substrate temperature 
rise above the range of 300 to 350° C. in the Subsequent 
Stages of the manufacturing process. Therefore, the plasma 
CVD method according to the prior art, because of the 
higher Substrate temperature involved, cannot provide a 
silicon dioxide film of the desired quality free from the 
deterioration of magnetic effects. On the other hand, the 
TEOS-O-based atmospheric pressure CVD method used in 
manufacturing according to the present invention enables a 
Silicon dioxide film of Satisfactory quality to be formed at a 
substrate temperature of no more than 350° C., and accord 
ingly is less Susceptible to the deterioration of magnetic 
effects than the prior art. Furthermore, as the HMDS-O- 
based atmospheric pressure CVD method makes it possible 
to form a sufficiently adhesive silicon dioxide film in a state 
where the substrate temperature is kept at or below 280 C., 
the magnetic effects can be maintained Substantially as they 
are before the film formation. 

FIG. 9 is a diagram showing the result of checking the 
change in magnetic resistance rate from before to after the 
film formation when the silicon dioxide film was formed by 
each of the TEOS-O-based atmospheric pressure CVD 
methods or the HMDS-O-based atmospheric pressure CVD 
methods with the substrate temperature being varied within 
a range in which a Sufficiently adhesive film could be 
obtained. By the TEOS-O-based atmospheric pressure 
CVD method, the substrate temperature needed to be kept at 
about 330 C. or above in order to let a sufficiently adhesive 
film to be formed. The resistance variation rate at 330 C. 
was found to be about 0.8%, much improved over the around 
0.2% achieved by the prior art. Meanwhile, the HMDS-O- 
based atmospheric pressure CVD method gave a Sufficient 
degree of adhesiveness even at a Substrate temperature of as 
low as 280 C., and it is seen that film formation at this 
Substrate temperature was Susceptible to no deterioration in 
magnetic effects, with the resistance variation rate hardly 
changing from before to after the film formation. 

These findings indicate that, in order to Solve the problem 
identified at the beginning and to enable a highly reliable and 
well performing crack-free Silicon dioxide passivation film 
to be formed at a low substrate temperature without 
adversely affecting magnetic effects, it is advisable espe 
cially to use the HMDS-O-based atmospheric pressure 
CVD method, maintain the Substrate temperature at or 
below 300° C. and form the silicon dioxide film to a 
thickness of about 2 tim, containing at least a phosphorus 
doped layer. 
As hitherto described, an MR element according to the 

present invention is produced by a TEOS-O-based atmo 
spheric pressure CVD method with the passivation film to 
protect the ferromagnetic metal film being formed at a 
substrate temperature kept at 350° C. or below. Furthermore, 
as the passivation film would give Sufficient resistance to 
humidity at a thickness of no more than 1 um if not doped 
with phosphorous or no more than 2 um if the film is 
double-layered, the ferromagnetic metal film is Subject to no 
StreSS. 

The invention also uses the HMDS-O-based atmospheric 
pressure CVD method as another way to form the silicon 
dioxide passivation film. By this method, which allows the 
film to be formed at a Substrate temperature of as low as 
300 C. or below, even Superior magnetic effects can be 
achieved. 

Thus, the present invention can provide MR elements 
Superior in resistance to humidity and in performance fea 
tures to those according to the prior art. 
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What is claimed is: 
1. A magneto-resistance (MR) element comprising: 
a Silicon Substrate; 
a magnetic film having magnetoresistance effect on Said 

Substrate, Said magnetic film consisting of a layer of 
NiFe, a layer of Au and a layer of Cr; and 

a TEOS-O-based atmospheric pressure chemical vapor 
deposition Silicon dioxide film formed in at least the 
region of Said Substrate having Said magnetic film, Said 
silicon dioxide film formed where the temperature of 
said substrate was kept at or below 350° C. 

2. An MR element, as claimed in claim 1, in which said 
Silicon dioxide film was formed where said temperature was 
at or below 300° C. 

3. An MR element, as claimed in claim 2, wherein said 
silicon dioxide film is a film which is not doped with 
phosphorus and whose thickness is not more than 1 lum. 

4. An MR element, as claimed in claim 2, wherein Said 
Silicon dioxide film consists of two layers which are a 
phosphorus-doped Silicon dioxide film and a Silicon dioxide 
film not doped with phosphorus, and the total thickness of 
said double-layered silicon dioxide film is not more than 2 
plm. 

15 

8 
5. An Mr element which is a magnetic film having 

magneto-resistance effect on a Silicon Substrate whose Sur 
face at least in the region of Said Substrate having Said 
magnetic film is coated with a Silicon dioxide film, 

said silicon dioxide film having been formed by 
hexamethyldisiloxane-O-based atmospheric tempera 
ture chemical vapor deposition while keeping the Sub 
strate temperature at or below 300° C. and said mag 
netic film consisting of a layer of NiFe, a layer of Au 
and a layer of Cr. 

6. An MR element, as claimed in claim 5, wherein said 
Silicon dioxide film was formed at a temperature at or below 
280° C. 

7. An MR element, as claimed in claim 5, wherein said 
silicon dioxide film is a film which is not doped with 
phosphorus and whose thickness is not more than 2 um. 

8. An MR element, as claimed in claim 5, wherein said 
Silicon dioxide film consists of two layers which are a 
phosphorous-doped Silicon dioxide film and a Silicon diox 
ide film not doped with phosphorous, and the total thickness 
of said double-layered silicon dioxide film is not more than 
2 lim. 


